The Hawaii Clean Energy Initiative (HCEI) was founded based on a Memorandum of Understanding (MOU) between the State of Hawaii and the U.S. Department of Energy on Jan. 28, 2008 . Upon inception, the State and the Department worked to form a series of working groups incorporating a variety of stakeholders throughout the state, including local government, not-for-profit organizations, private sector companies, trade associations, Department of Defense representatives (including PACOM) and academic organizations, among others. These working groups form the core of HCEI: a representation of all of the important constituencies within the State which allow HCEI to create a balanced and locally focused strategy to attain its goal of reaching 70% clean energy by 2030. These working groups were established and active by March, 2008 , shortly after HCEI's founding. Through the HCEI process, information is gathered from multiple perspectives within the State, across all of the counties, and analyzed and refined into a coherent vision for the State moving forward. The results of this process are then shared with a wider audience throughout the State and feedback gathered and reincorporated into the process for use in improving decisionmaking as the HCEI progresses. This process is highlighted in the diagram below:
Summary:
HCEI Goals and Strategies 1 http://www.capitol.hawaii.gov/session2010/Bills/HB2421_CD1_.HTM The critical goal of HCEI is to coordinate between the many groups within the State working across the various energy sectors, evaluate the complex problems affecting them, and to devise strategies for achieving the clean energy goals of the State that can be adopted to ultimately benefit the citizens of the State with a clean, secure, supply of energy going forward. It is essential to note that without the participation and cooperation of all of the key stakeholders involved in HCEI and the support of the general public, HCEI will not succeed in its goals. While the process can reduce duplication of efforts, highlight areas for improvement or essential areas of need, the vast majority of the recommendations laid out in this Road Map will be undertaken by one or many of the stakeholders already at work throughout the State. At its core, HCEI has been designed to be a collaborative effort between all of the citizens of the State of Hawaii to leverage their respective strengths in achieving a clean energy future that will benefit not just its constituents but the future citizens of the State as well. As a reflection of the initial success of HCEI, the State Legislature has chosen to formally ratify its role in coordinating the ongoing clean energy efforts as of April, 2010, in section 8 of HB 2421 1 .
Individual Consumers Individual Consumers
The HCEI structure is essential to addressing the primary issues facing the State: the Hawaii energy system is a complex system based on multiple core components that overlap in many ways.
To recast this complex system into manageable components, HCEI began by targeting the four key energy sectors (Electricity Generation and Delivery, Buildings & Industry End Use, Fuel Sources and Delivery, and Transportation End Use) and creating stakeholder working groups tasked with evaluating clean energy options for each. Equally important, there are many areas of overlap across all these sectors that require coordination and complementary actions. For example:
• Installation of distributed generation and smart meters on the electrical grid, along with increasing end use efficiency will mean that demand patterns and corresponding generation needs will shift over time. This affects both the Electricity Generation and Delivery and Building End Use sectors.
• As electric vehicles are deployed in the State, EV owners will be adding electric vehicle charge stations into their homes, leading to a corresponding increase in their residential electricity use (and overall electricity demand.) Additionally, over time, large numbers of grid-connected electric vehicles may be able to provide energy storage solutions to the grid. Thus, strategies in the Transportation sector affect both the Building End Use and the Electricity Generation and Delivery sectors.
• Investment in integrated bio-refinery capabilities would allow the production of electricity from biomass in conjunction with the production of liquid biofuels. Thus, the Fuels sector is capable of having a potentially large impact on both the Electrical Generation and Transportation sectors.
To ensure that these interactions are addressed, an "Integration" working group (now the HCEI Steering Committee) was created and tasked with coordinating between the groups. The working groups use a set of tools that include policy and regulatory change, project development, outreach and education and overall planning and management. The goal of the Steering Committee is to ensure that a comprehensive strategy is reached for the State where all energy sectors are working together to achieve the 70% clean energy goal.
The overall vision adopted by the State of Hawaii in transforming its energy infrastructure to a more sustainable path is based on a three-part planning process:
These strategies were developed through extensive collaboration between the members of the HCEI working groups. They are based on targeted analysis conducted throughout the first two years of HCEI (Appendix C -Completed HCEI Analysis), as well as the technical and policy expertise of the various members of the working groups.
Five-and ten-year strategies for the State are outlined in the following section. These strategies are based on data received from many stakeholders within the State, including the members of the HCEI working groups. While specific examples are given throughout the body of this report, the full list of action items considered of strategic significance are outlined in Appendix B. It is important to note that all of the action items outlined here may significantly contribute to the attainment of the overall goal of 70% clean energy by 2030; however, given the uncertainty around the development of technology and the corresponding costs of adoption over time, HCEI has adopted a multi-stage planning process to ensure that the best options for the State are the ones ultimately utilized for the attainment of the goals. As more information is received with developments in research and development and pilot projects over time, HCEI will evaluate and amend these strategies to better reflect the needs of the State from a reliability, cost and impact perspective.
The following sections of the Road Map outline, in five year increments, the strategies for each of the four energy sectors targeted by HCEI. The first five year block, from 2011-2015, identifies the goals of HCEI for that period, and lays out the strategies for attaining them in more detail, along with concrete examples of actions that are the essential components of each strategy. The second five year block, from 2016-2020, outlines the mid-term goals of HCEI, as well as showing the progression of the HCEI strategies over time to adapt to changing market and technological landscapes. Finally, a brief overview of how success will be measured, and goals adapted, will be outlined for each sector. For now, these metrics are tied solely to achievements in renewable energy produced, energy saved, biofuels produced and petroleum use avoided; however, as HCEI progresses and additional data becomes available over time, HCEI will also track the impacts of its strategies on the State economy through other metrics to measure its impact on the State from an energy security and economic perspective as well.
It should be noted that all of the strategies, goals and achievements outlined in this document will be updated on a regular basis to ensure that they truly reflect the current energy market realities of the State. As such, this Road Map will be a living document that will retain its strategic importance over time, rather than providing just a simple snapshot as of our vantage point today.
The Role of the Counties in HCEI
While the overall goals of the Hawaii Clean Energy Initiative are set at a State level, it is important to note that each of the counties within the State has its own ongoing clean energy initiative that HCEI considers a key partner. Clean energy plans for each county have already been published. Each has been leveraged by HCEI throughout its goal-setting and data gathering process.
As members of the working groups and Steering Committee, representatives of each county have provided HCEI with unique feedback on the issues particular to their island. These have been highlighted throughout this Road Map. Additionally, it must be noted that many of HCEI's recommended actions may apply to certain counties only. The achievement of these actions will be the result of extensive work of stakeholders at both the local and state levels, and are critical to the attainment of the HCEI goals.
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Summary: HCEI Goals and Strategies
The first of the core energy sectors to be addressed in this Road Map is Electricity. HCEI defines "Electricity" as the generation, transmission and distribution infrastructure necessary to deliver electrical service to the citizens of Hawaii. Detailed goals and strategies will be laid out in five year increments to help highlight the evolving nature of HCEI as we look further into the future. We will begin by reviewing the current status of HCEI, then summarizing our critical strategies for the future, and finally showing how these strategies will be expanded upon as HCEI moves forward.
Throughout this sector, it is important to note that many of these strategies and actions will have significance throughout the other energy sectors of HCEI as well, as the Electricity sector is intricately entwined with End Use Efficiency (e.g., load balancing on the grid, particularly in a Smart Grid future), Transportation (e.g., electric vehicles will both increase demand for electricity and provide a potential future source of battery storage), and Fuels (e.g., biofuels may provide a significant source of firm generation capacity for the State). 
CLEAN ENERGY SCENARIO PLANNING (CESP)
HECO companies, KIUC, Consumer Advocate, Counties and other interveners are required to submit for consideration by the Public Utilities Commission (PUC) a CESP to replace the Integrated Resource Planning (IRP) process. These plans are to be submitted either separately or as a whole by the participants to the PUC, and will lay out 5 year and 10-20 year goals and actions the utilities deem necessary to attainment of the Renewable Portfolio Standard (RPS) goals.
It is essential to note that this Road Map is not an attempt to replace the CESP process, but rather a means of providing HCEI a framework for aligning its goals and strategic plan with that of the electric utilities. HCEI recognizes that certain areas of the Electricity sector are complementary to the work of the utilities that will be essential to the attainment of RPS goal (e.g., research and exploration of next generation technologies, alignment of the regulatory framework). To this end, any critical projects/actions identified through the CESP process should be recorded here during the periodic review of this document, and should be incorporated both into the "Representative Critical Actions" table above, as well as the full list of critical actions laid out in Appendix B.
ACCOMPLISHMENTS TO DATE (2010)
In the Electricity sector, four areas of critical strategic significance have been identified based upon the long lead time necessary for the evaluation and implementation of renewable generation projects, as well as the significant corresponding grid analysis and investment needed to maintain the reliability of service simultaneously. Thus, the four areas of critical importance for the development of an Electricity sector with high levels of renewable energy are based on the regulatory fundamentals of the sector, as well as a standard project development time line. A summary of critical actions completed in each of these areas is given in the 
GOALS
For the Electricity sector, the primary 5-year milestone is the RPS: 15% of demand (approximately 1,200 GWh delivered).
All projects identified as "critical" in this section have been identified based upon a combination of scale, projected cost-effectiveness and strategic importance to each island's overall energy strategy. Many of these items will not be completed within the first 1-5 years of HCEI. However, it is essential to begin as many of these actions as possible now to ensure that both the short and long term RPS goals are met. Critical items are outlined below.
CORE STRATEGIES
In addition to the actions already completed, many key actions across this range of strategies are currently underway, the full list of which are available in Appendix B. One overall theme of years 1-5 is developing a better understanding of the factors limiting deployment of renewable energy on each of the islands. In some cases, such as Oahu, identifying a source of renewable energy on scale with the level of demand may be the primary issue. In others, such as the Big Island, where renewable resources are plentiful in comparison to energy demand, it may be that the limitation in deploying high levels of renewable energy is actually the grid itself. To this end, Smart Grid components, such as Advanced Metering Infrastructure (AMI), energy storage, and renewable energy forecasting technology will be highly critical to the attainment of the RPS goals. This holds true across all islands, but particularly those already deploying renewable energy on a large scale relative to their current electricity demand (e.g. Maui, the Big Island). See Appendix B for specific action items in this regard.
YEARS 2016-2020

GOALS
The primary key milestone to be attained is defined by the RPS itself; in this case the 10-year RPS goal is 25% of demand by December 31, 2020 (which is forecast to be approximately 3,500 GWh of delivered renewable energy).
STRATEGIC PATH FORWARD
In addition to new technologies which will have matured by the 2016-2020 time period, many of the actions outlined in this time period will be carry-overs from the 1-5 year time period. Given the long term nature of the regulatory and permitting process for renewable energy and grid investment projects, many of the critical items may fall into the 6-10 year period for completion. All efforts to streamline this process should be pursued to ensure that the RPS goals are met in as timely a manner as possible. However, it is critical to the HCEI partnership to begin the research and project development process in years 1-5 in order to ensure that the goals are met in years 6-10. Building on the strategies outlined in the 1-5 year period, HCEI considers the following to be of strategic importance in the 2016-2020 time period:
Align electricity regulatory and policy framework with clean energy goals: At this juncture, the basic regulatory framework to allow the incorporation of large scale renewable energy into Hawaii's electricity systems should be well established. However, additional issues related to grid reliability, utility cost-recovery, the structuring of the new "decoupled" utility and many other next generation issues may require new or updated policies and legislation during this timeframe. These goals will be determined as variable energy projects occur and subsequent impacts are identified.
Deploy renewable generation and grid infrastructure:
In this time period, specific focus should be placed on three types of projects:
1. Those begun in the previous time period that are already in development. 2. Those technologies that have moved up the commercialization curve to become more cost-effective, particularly at scale (e.g., widespread deployment of distributed generation PV). 3. Those technologies that may not be required at low levels of variability, but that will be required to enable the deployment of the next round of variable renewable technologies (e.g., smart grid, energy storage -these are examples where the groundwork for these technologies needs to be established with demonstrations over the next few years -several are currently underway).
In addition, how to handle the ramp down of the existing petroleum infrastructure to avoid stranding investment and/or passing through exorbitant costs to the rate-payer is an essential item for consideration in future years. A comprehensive strategy for the placement of less-efficient existing fossil generation into standby status as firm capacity requirements for each system allow should be developed in this time period as more renewable resources come online.
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Explore next generation technologies/new applications of existing technologies:
Certain second-generation technologies should be re-evaluated by HCEI and other private-sector parties based on their technological developments and commercialization progress. Some of these technologies for re-consideration include:
1. Expanded geothermal capacity, specifically for loads on the Big Island. 2. Expansion of any geothermal potential discovered on Maui during the short-term (i.e., in years 1-5).
3. Technical feasibility of expanding undersea cable connections between all islands, not limited to Lanai/Molokai/ Maui and Oahu. 4. Commercial, large-scale development of OTEC and wave power technologies. 5. The use of biofuels for generation, either directly or in a blend with standard petroleum fuels to provide firm renewable generation capacity (preferably from local sources). This subject is evaluated in detail in the "Fuels" section of this document.
MEASURING SUCCESS AND ADJUSTING GOALS OVER TIME
As a function of the RPS, the HECO Companies and KIUC will report their achieved renewable energy progress to the PUC to verify their attainment of the RPS. All other progress towards HCEI goals will be recorded by the Hawaii State Energy Office and incorporated in the "Accomplishments to Date" section of this report.
It should be noted that moving forward, there will be interactive effects between the End Use Efficiency and Transportation sectors, as End Use Efficiency will progressively lower projected electricity demand, and electric vehicles will tend to increase electricity demand. These trends must be monitored carefully (see End Use Efficiency and Transportation "Measuring Success" sections for details) in order to forecast the necessary amount of renewable energy that will have to be installed to attain the RPS goal for each time period.
This list of critical items should be revisited periodically to determine which are moving forward, and to adjust or replace those that are not progressing with alternatives. The RPS goal should also be revisited based on the success of implementing the proposed renewable energy projects on or ahead of schedule.
The next of the core energy sectors in this Road Map is End-Use Efficiency. HCEI defines "End-Use Efficiency" as the reduction in the use of electricity by end users, including homes, businesses and the industrial and military sectors. Goals, core strategies and critical actions are outlined below.
As with Electricity, End-Use Efficiency improvements over time will have spill-over effects into other sectors of the energy system in Hawaii. By increasing efficiency throughout the end use sector, the process of balancing the demand on the grid against increasing variability in generation may have repercussions on demand management practices. Ideally, achieving advanced efficiency will allow the utilities to ramp down the more expensive generation units (essentially replacing them with cheaper efficiency savings), but the real-time impacts of this change must be monitored and better understood as more efficiency is deployed on the grid.
ACCOMPLISHMENTS TO DATE (2010)
In the End-Use Efficiency sector, four areas of critical strategic significance have been identified based upon the unique nature of efficiency options for various building types. A summary of critical actions completed in each of these areas is given in the table below:
STRATEGY REPRESENTATIVE* ACCOMPLISHMENTS TO DATE
Align efficiency regulatory and policy framework with clean energy goals 
GOALS
The End-Use Efficiency goals are based on estimated savings targets from previous HCEI Analysis (see Appendix C), while interim milestones are currently under review in PUC Docket 2010-0037. Upon the resolution of the docket, these milestones may be adjusted to align with those set by the PUC.
• 2015 Existing Building Savings Target: 1,000 GWh 
CORE STRATEGIES
The strategies for End-Use Efficiency are based on the fundamentals of the energy efficiency market, acknowledging that significant differences exist between efficiency measures available to new and existing buildings, residential and commercial buildings, and non-building energy users. It also relies on much of the regulatory system that governs the generation, transmission and distribution sectors, as reductions in energy use are very much a part of the overall electricity system overseen by the electric utilities and the PUC.
All items listed below may be subject to amendment pursuant to specific PUC rulings, including Docket 2010-0037, which is reviewing specific recommendations for the attainment of the EEPS as well as the EEPS target itself.
STRATEGY REPRESENTATIVE* IMPORTANT ACTIONS: YEARS 1-5 (2015 TARGET DATE)
Align efficiency regulatory and policy framework with clean energy goals
• Evaluate rate design options for efficiency and demand response • Gain PUC approval to install and pilot smart meters • Ratify the increase in the PBFA Fund outlined in the HECO Energy Agreement with the State of Hawaii (increase to 1.5% after 2 years, 2% by 4 years), and evaluate other options for enhancing energy efficiency program funding (e.g. tax credits for efficiency)
Retrofit residential and commercial existing buildings
• Expand and leverage State "Lead-by-Example" program • Implement or expand key policies and business models to leverage private capital (e.g., property assessed clean energy financing, energy savings performance contracts) • Expand current benchmarking efforts for building stock energy usage • Expand retrofit market outreach/education programs • Allow PBFA and KIUC more flexibility to explore new metrics that will allow them the freedom to explore nondirectly measured energy savings options (e.g., metrics re: the successes of education and outreach programs)
Strengthen new construction policies/building codes Key players in the End-Use Efficiency sector may vary, depending on which island a building stands on. Overall targets and guidelines for efficiency fall under the jurisdiction of the PUC, which has been granted authority over the EEPS by the RPS statute. The existing building programs for Oahu, Maui and the Big Island fall under the jurisdiction of the PBFA, which is responsible for the development of energy efficiency program plans, efficiency program implementation and the evaluation of program progress for each of these islands. The HECO Companies remain responsible for demand response programs and system efficiency efforts, while KIUC is responsible for all existing building efficiency program work, demand response programs and system efficiency efforts on Kauai. New construction efficiency is the purview of the Hawaii Building Code Council, while individual building code adoption is determined at the county level. All of the critical actions outlined in this section, as well as the appendix, will depend on work done by one or more of these groups moving forward.
YEARS 2016-2020
GOALS
As with years 2011-2015, interim milestones for End-Use Efficiency have been set based on interim savings projections necessary for the attainment of the EEPS. These 10 year milestones are also subject to any rulings by the PUC in docket 2010-0037.
• 2020 Existing Building Savings Target: 1,400 GWh 
STRATEGIC PATH FORWARD
In this time period, measured and steady expansion of energy efficiency progress is expected, although incremental improvements in efficiency will get more expensive as all "low hanging fruit" opportunities are capitalized on. Therefore, the emphasis in the out years should be on comprehensive retrofits, integrated new construction design, and attempting to lower cost barriers to generating deeper efficiency improvements. HCEI considers the following to be of strategic importance in the 2016-2020 time period:
Align efficiency regulatory and policy framework with clean energy goals: At this juncture, the basic regulatory framework to allow the incorporation of large-scale end use efficiency into the utility business model will have been implemented. However, additional issues regarding information sharing via intelligent appliances, net-metering, and similar items centered on the management of electricity demand may require future policy or regulatory actions. Likewise, policies to help leverage private capital in innovative manners will always be necessary to ensure that efficiency gets done on the scale necessary to attain the EEPS. These policies and regulatory improvements will be determined as the need for deeper efficiency cuts down the line becomes a reality.
Retrofit residential and commercial existing buildings:
In the retrofit markets, continued emphasis should be placed on evaluating innovative efficiency business cases and financing best practices throughout this time span. Leveraging private sector capital to make efficiency improvements to the existing building stock remains one of the most critical elements in attaining the goals outlined in the EEPS.
Specific attention should also be paid to the incorporation of next generation technologies into retrofit practices, and quantifying the additional savings resulting from them.
Strengthen new construction policies/building codes:
On the new construction side of things, three areas for consideration in the 2016-2020 timeframe are:
1. Evaluation and adoption of the future IECC code (est. 2021) with a goal of zero net energy for new construction 2. Leveraging information from net-zero energy building pilots from across the country to identify and apply best practices in new building design and construction 3. Identification of new technologies (e.g., solar dehumidification) for incorporation into new construction www.hawaiicleanenergyinitiative.org [2011] [2012] [2013] [2014] [2015] [2016] [2017] [2018] [2019] [2020] Identify non-building related energy efficiency measures: Specific non-building related energy efficiency measures have been identified in the previous timeframe. Certain new technologies, which may not become viable in the previous five year period, should be re-evaluated in this period. One example of this is sea water air-conditioning, which raises difficulties in avoiding stranded costs on many existing AC units in the areas being considered.
Moreover, certain existing technologies, whose functionality and economics are well understood today, may discover that incremental improvements will become cost-effective within this time frame, and should require additional attention. One example is the reduction of line-losses from the transmission/distribution system, particularly if increased energy storage and smart grid capability are built into the grid itself.
MEASURING SUCCESS AND ADJUSTING GOALS OVER TIME
By the end of year 5, there should be momentum in the implementation of energy efficiency policies. From years 2-5, a process for measuring success needs to be implemented to ensure that progress is being made. While not all of this progress will be measurable in numeric terms, all of these critical elements of HCEI should count towards the measurement of success. To this end, a "top down" policy for the measurement of quantifiable savings should be used to determine progress towards HCEI goals. While it may include other market factors at work (e.g., the overall performance of the economy, the price of oil), we can better account for these factors than we can reliably project the impact of specific policies whose impact may not be directly measureable. The utilities, DOE's Energy Information Administration and DBEDT track relevant electricity usage statistics for the State. These figures have been used to set the baseline fuel usage estimates highlighted in the introduction to this Road Map (based in particular on the utility IRP-3s). These same services will continue to measure these statistics over time, allowing HCEI to measure progress against the original numbers by evaluating year-to-year electricity usage against that forecast in the IRPs.
However, because of the high margin for error associated with this basic approach to external variables, all top down estimated savings should be cross-checked in a "bottom up" fashion against numbers tracked by individual players in each field, including, but not limited to, the utility companies (HECO, MECO, HELCO, KIUC), the PBFA and DBEDT.
Finally, in focusing on attaining an interim EEPS goal for years 1-5, the PUC will periodically review progress towards the goal laid out in the standard to determine if progress is sufficient to attain the goal. Penalties for non-compliance or adjustments to the EEPS itself will be made accordingly. Therefore, all savings measurements should be compared to the appropriate milestone as determined by the PUC.
At the end of each year, this section should be revisited to reflect any updates to the EEPS and interim milestones documented by the PUC. [2011] [2012] [2013] [2014] [2015] [2016] [2017] [2018] [2019] [2020] The strategies and goals for this section are tied to ground transportation at the present time. HCEI will develop an understanding of the needs of large buyers in the aviation and defense sector. In the future, marine and aviation biofuel alternatives may be substituted to help meet the goal by displacing the equivalent of 70% of ground transportation demand with non-fossil fuels. This is considered in more depth in the Fuels section of this Road Map.
ACCOMPLISHMENTS TO DATE (2010)
Using a comprehensive fuel reduction strategy, HCEI developed four savings measure categories for potential action which include: 
GOALS
All EV goals assume the general availability of vehicles and a decline in estimated purchase price vis-à-vis standard vehicles. Thus, in the short term, these numbers are relatively low, but climb rapidly after year 2015 based on an assumed surge in EV adoption.
As the strategies outlined above are more difficult to measure in terms of a common metric, separate targets/metrics were chosen by the working group for ease of measurement. However, based on HCEI's transportation analysis (Appendix C), this combination of measures together should allow the State to attain its transportation milestones not just in years 1-5, but overall as well. 
CORE STRATEGIES
The strategies adopted under the Transportation section of this Road Map are specifically designed to provide a comprehensive array of options to generate transportation savings in both the short and the long run. It is expected, due to the lag time for deployment of the more advanced EV and renewable fuel technologies and the uncertain forecast on cost reductions for these vehicle types over time, that the majority of year 2011-2015 savings will come from the vehicle efficiency and VMT reduction options. In the long run, this trend may eventually reverse itself, with EVs and renewable fuel vehicles providing improved efficiency above and beyond standard combustion engines. Alternative vehicle and fuel technologies including EV batteries, hydrogen infrastructure and fuel cells, bio-fuels, and new fuel efficient vehicle technologies are currently undergoing rapid development programs throughout the world. During this time period, the HCEI Transportation Working Group and stakeholders need to continue to monitor progress and adjust goals and strategies as these technologies and market mature.
STRATEGY REPRESENTATIVE* IMPORTANT ACTIONS: YEARS 1-5 (2015 TARGET DATE)
Improve standard vehicle efficiency of fleet It must be noted that there are significant interactions effects between the strategies outlined above. For example, future improvements to vehicle efficiency standards at the national level may result in more petroleum offsets than they projected from vehicle efficiency, while at the same time lowering the relative MPG savings from VMT and EV options. Conversely, reducing the vehicle miles traveled will lower the potential savings from all other vehicle options, while increasing improvements in the efficiency of electric motors and controls over time will increase EV savings relative to standard vehicles. To this end, HCEI will modify its goals accordingly as new information becomes available. Also, in many cases, HCEI's transportation fuel reduction ability may be limited by the high impact that outside players (e.g., car manufacturers) will have on local markets. Therefore, all areas over which HCEI has direct control, such as VMT reduction, are deemed critical to the success of HCEI if the market moves in an unexpected direction in some of the other areas.
YEARS 2016-2020
GOALS
For the Transportation sector, the goals for the 2020 time period are identified in the Incorporate renewable fuels into transportation sector 50 MGY of renewable fuels
STRATEGIC PATH FORWARD
As noted in the previous section, certain advanced technologies should be commercially available and may be deployable on a large-scale basis from 2016 on. These technologies will form the core of HCEI's long term strategy for reducing transportation fuel usage. As of today, these technologies are concentrated primarily in:
Renewable Fuels
Strategies for the development of domestic renewable fuels industry are outlined in the following section. However, certain overlaps with the transportation critical strategies may occur where the testing and development of alternative vehicles to use non-drop in replacement 7 fuels are needed. Some examples of such a need for an alternative vehicle would be the deployment of hydrogen fuel cell powered or flex-fuel vehicles in the State.
Electric Vehicles
While electric vehicles have been deployed previously on a limited scale, the costs, performance standards and infrastructure needs for the current wave of electric vehicle technologies are just now beginning to be fully understood, particularly in the context of large-scale deployment. By 2016-2020, a better understanding of EVs should be in place, and the appropriate infrastructure installed to allow for their deployment on a wider scale. Thus, the ten year time period will be critical as a launching point for large-scale EV adoption in the State.
On the other hand, opportunities to generate ground transportation savings that do not rely directly on future technology advancement, such as vehicle efficiency and VMT reduction, will still be fully viable as a means of offsetting some measure of petroleum usage throughout the duration of HCEI. Thus, the forecasts for vehicle efficiency improvements and VMT reduction are more incremental in nature. However, alternative business models and policy options to encourage them should continue to be researched and evaluated for deployment in Hawaii as we move forward.
MEASURING SUCCESS AND ADJUSTING GOALS OVER TIME
By the end of 2015, there should be momentum in the implementation of transport policies. From 2011 on, a process for measuring success needs to be implemented to ensure that progress towards the goals is realistically being made.
As each strategy outlined above will have different "success" criteria, a separate monitoring and verification policy will www.hawaiicleanenergyinitiative.org 17
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7 For the purposes of this report, drop-in replacement fuels are defined as biofuels with chemically similar structures to petroleum products that can be blended with petroleum fuels without causing performance issues be necessary for each of them to be effectively monitored. EVs All EV sales figures should be tracked through new vehicle registrations with Hawaii Auto Dealers' Association (HADA) and DBEDT.
Renewable Fuels
Renewable fuels used in Transportation should be tracked and reported, including the use of ethanol to meet the State's E10 mandate.
Vehicle Miles Traveled Reduction
Annual average VMT per vehicle are available through the Hawaii State Department of Transportation and are summarized in the DBEDT databook. Percent reductions in VMT can be calculated from these annual estimates. However, this metric is not intended to capture the benefits that will accrue in terms of efficiency due to EVs (those benefits are accounted for in the EV goals already). Therefore, total fleet efficiency must be calculated after removing Renewable fuels, including biofuels and other non-petroleum-based fuel types that can be produced sustainably (e.g. hydrogen), are an essential part of the HCEI clean energy strategy. Biofuels, or stored energy, are defined for the purposes of this Road Map as any liquid fuel produced from biomass or natural oils that can be used for electrical generation or transportation purposes. While all types of biofuels will be necessary for the attainment of HCEI goals, a distinction must be made between drop-in replacement fuels, (i.e. biofuels with chemically similar structures to petroleum products that can be blended with petroleum fuels without causing performance issues) and non-drop in replacement fuels, such as ethanol, which is an imperfect substitute for gasoline and may require a corresponding additional infrastructure investment in certain cases. This Road Map does not discriminate between drop-in replacement and non-drop-in replacement fuels, other than to note that not all future fuel usage can be met through the use of non-drop-in fuels only (for example, jet fuel constitutes 30% of current fuel demand in the State, and does not currently have a non-drop-in substitute). Several important considerations form the basis of the need for a strong biofuels policy for the State of Hawaii.
Vehicle Efficiency
1. Overall, alternative fuels will be an essential component of meeting the 70% goal for both electrical generation and Transportation. This is especially true for transportation since there are a fewer options for attaining the goal of 385 MGY of petroleum fuel reduced 2. Biofuel feedstock production offers a means of preserving traditional agricultural lands and jobs. Ideally, as much of the local demand as possible should be met through local sources. If it is not deemed possible to meet all demand through local sources, imports of domestic U.S. products should be the next option for the State, followed by foreign imports as a lowest priority source of fuel 3. At the present time, there is not a detailed understanding of what feedstock crops at what scale could potentially be grown in Hawaii. Therefore, if local fuels production is the optimal socially desirable outcome, identifying this potential must be the key focus for years 1-5 of this Road Map. If insufficient potential exists, other alternatives to meet this demand must be found. One potential option of this type is hydrogen fuel, which is currently being studied in Hawaii on a small scale 4. If fuels are produced locally, efforts must be taken to ensure that the industry is sustainable in nature. This means that all feedstock production practices must not be just economical, but sustainable from an agricultural perspective as well. As an example of this, the HECO companies have adopted National Resource Defense Council standards for their recent biofuel request for proposals (RFP) 8 . Important areas of concern include: local feedstock support mechanisms, sourcing requirements for palm oil, additional baseline environmental criteria for all feedstock, chain of custody tracking for feedstock and oils, greenhouse gas emissions accounting and reporting, establishment of a biofuels public trust fund, public review and notification and public progress reporting and contingencies
In addition to understanding the true potential of locally produced fuels, significant attention must also be paid to the existing petroleum infrastructure in the State. The critical issues that must be understood in any fuels policy include:
1. Any future reduction in overall petroleum usage will reduce the revenues of the two local petroleum refineries.
For them, a shift to refining biofuels will likely be necessary to maintain viability. These refineries provide a reserve of local expertise in chemistry, engineering, and industrial processes that could be helpful in the development of local biorefining capability.
V. Fuels (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) www.hawaiicleanenergyinitiative.org 2. Even with a significant demand for biofuels in-State, there will still be a major need for traditional petroleum products for blending in transportation, aviation and electrical generation fuel. By using the existing petroleum refining infrastructure to create these blends, the State preserves a high value option for supplying its future petroleum, as well as biofuel, demand. 3. The existing petroleum shipping infrastructure could also be leveraged to support a biofuel industry in-State Overall, having a detailed understanding of the future markets for various types of biofuel and how it lines up with the potential supply of feedstock that can be produced in the State, is essential for the development of a sustainable local fuels industry.
ACCOMPLISHMENTS TO DATE (2010)
Understanding the domestic potential of Hawaii's agricultural sector to support a large, sustainable, biofuels industry has been the primary focus of HCEI's activities to date. However the strategy adopted by HCEI in this sector will eventually expand well beyond that to incorporate all aspects of the renewable fuels supply chain.
STRATEGY REPRESENTATIVE* ACCOMPLISHMENTS TO DATE
Evaluate local agricultural potential/ support its development 
GOALS
In the short term, the Fuel sector will be a work in progress. By all estimates, advanced technologies for the large scale production of drop-in replacement biofuels are approximately 5 years away from being commercially viable, as the current wave of pilot plants are being constructed now. While viable technologies capable of producing biodiesel are currently in operation on the islands, production has been limited in scale to date by the lack of large-scale availability of oil-based feedstocks. Thus, short term goals and critical items for biofuels are relatively conservative until the results of these pilots are understood and the agricultural sector can be expanded to generate a steady supply of feedstock to support the refineries. The 2015 goals for the fuels sector in Hawaii are: 20 www.hawaiicleanenergyinitiative.org
V. Fuels
SOURCE OF DEMAND ESTIMATED TOTAL GREEN REPLACEMENT FUEL DEMAND (2015)
The The Ground Transport Sector Maintain current E10 standard and biodiesel usage
These goals are based on five key drivers:
1. HECO's estimated 2015 demand is directly related to its ability to attain its RPS goals. Should it exceed its target for generating electricity through other renewable services to meet the RPS, this estimated demand could be revised down, and vice versa 2. The utilities must abide by PUC decisions regarding competitive pricing for any renewable fuels they wish to use in their generators 3. The Department of Defense has set a goal that a quarter of all of its marine, aviation and diesel fuels be met through the use of biofuels 4. All ground transport demand estimates are based on the assumption that the current E10 standard will remain in place through 2015, with renewable drop-in gasoline eventually supplementing ethanol in the 2015-2020 time frame 5. The supply of biofuels from the current biorefineries in the State, while critical to the attainment of HCEI goals, will be unlikely to match the scale of demand forecast here without significant new sources of feedstock
Given the diverse nature of the demand for many different types of biofuels in the market and the relative uncertainty of what local supply will be available to meet them, our core strategies and important actions for the next five years must be centered around evaluating potential feedstock production capabilities in the state and matching them to the various demand niches in the market. These niches are highlighted in the With the different qualities of these various types of fuels, sub-markets may develop around each as we progress. Understanding the nature of these markets and identifying areas where Hawaii can be competitive in the long term are the essential components of our overall strategy for years 2011-2015.
Core Strategies Biofuels will play a critical role in Hawaii's successful attainment of its 70% clean energy goal. Since biofuels have to compete not just with petroleum, but global imports, cost-effectiveness of production becomes the key item of strategic importance. HCEI seeks to accelerate the process of developing a cost-effective local industry by evaluating and encouraging investment in all core aspects of the fuels supply chain. This chain breaks down into four areas of critical strategic importance to the State (highlighted on the following page):
www.hawaiicleanenergyinitiative.org Given the current pilot phase of many of the technologies being considered for use in the State, and the unknown ability of the State to generate the feedstocks necessary for the production of large-scale biofuels cost-effectively, HCEI expects clearer answers to many of the questions regarding the ability of the local industry to support a biofuel industry of any scale by the 2015 time period when the current round of integrated biorefinery pilots is complete.
Also in this time period, the question of demand for aviation fuel needs to be more fully understood and an aviation fuel goal developed along with a list of prioritized action items. This will require outreach to the private sector airlines operational in Hawaii as well as the U.S. Department of Defense (DoD) to determine estimated future levels of demand. HCEI hopes to have a series of aviation fuels goals outlined within the next 2 years as more information becomes available on the progression of the market.
YEARS 2016-2020
Due to the lag necessary for the development of the technologies needed for large-scale renewable fuels production, 2015-2020 will be critical to the success of HCEI's fuels goals. Both HECO and DoD have stated that they anticipate accelerating biofuel usage significantly in this period, and as such, the goals for this time period represent a significant jump from 2015 levels, as summarized below:
SOURCE OF DEMAND ESTIMATED TOTAL GREEN REPLACEMENT FUEL DEMAND (2020)
The HECO Companies 80 MGY renewable generation fuel (based off estimated RPS demand)
KIUC TBD
The Department of Defense 9 32 MGY renewable fuels
The Ground Transport Sector 50 MGY of renewable fuels
As the long term fuels strategy is based primarily on the continued development of technologies capable of providing large scale renewable fuels production, these goals should be revisited based on the results of pilot studies across all feedstock types.
STRATEGIC PATH FORWARD:
While the need to understand the potential of the agricultural sector and the market demand for biofuels is critical 22 www.hawaiicleanenergyinitiative.org V. Fuels in years 1-5, moving forward, the State will need to have a firm picture of what the local production capacity for feedstock is, how the logistics of transporting, pre-processing it, and refining it will be by the time years 2016-2020 arrive. To this end, this time period should focus on:
Evaluate local agricultural industry potential and support its development as needed: By 2016, the optimal business models for the development of a strong agricultural sector will have been identified, and food and fuel feedstock produced in some combination at levels suitable to what is sustainable in Hawaii. This optimal level will largely determine what sort of logistics are needed for feedstock transport.
Understand and invest in key logistical infrastructure to develop economies of scale:
Where possible, economies of scale should be developed throughout the transportation system for both food and fuel products. For example, central pre-processing plants may be optimal for the generation of economies of scale in a scenario where many small plots of land need to combine their feedstock to produce a liquid biocrude for transport and refining. In this scenario, leveraging the previous sugar industry transportation and shipping cooperative model may be one option for moving feedstock to central refining facilities. In another scenario, where fuel is refined and consumed on-site, this investment in large scale transport infrastructure may not be necessary.
Evaluate and develop renewable fuel processing infrastructure:
Depending on local feedstock production capabilities and the logistics chain, additional infrastructure for the development of small-scale, local refining facilities (in the case of low feedstock production capacity) or the leveraging of existing petroleum refining infrastructure to generate large-scale capacity (in the case of high feedstock production capacity) will be necessary in this time period. If large scale capacity is not available, a systematic plan dealing with the need for imports will have to be developed, ideally based on the need to keep the State's current refining infrastructure operational (to continue to provide for cost-effective petroleum products in addition to biofuels.)
Match potential fuels supply to key sources of demand in-State: While demand is unlikely to wait until the overall local production capabilities are completely clear, secure contracts for the supply of biofuels from local suppliers will need to be negotiated in this time frame, where cost-effective and applicable. Aligning these contracts with specific end use demand and what local production is available is essential to the development of an economically sustainable industry in-State, as the local use of fuels will help local products maintain their competitiveness with imports that bear significant shipping costs.
MEASURING SUCCESS, AND ADJUSTING GOALS OVER TIME
As all fuel goals are set in terms of MGY of fuel produced/consumed in State, tracking the fuel production and use goals will be done via the use of Renewable Identification Numbers (RINs) assigned to specific fuel units by the Environmental Protection Agency (EPA) 10 .
Imports may also be tracked through RIN numbers, although these will need to be recorded by the importer in question in order to verify their use in-State. For all scenarios, the future price of oil will be deciding factor, as it will materially impact the bottom line for each of the alternative outcomes under consideration. Likewise, any future price put on the emission of carbon will likely materially impact the potential attainment of our goals. Finally, any new technologies or approaches that suggest major strategy revision or change of direction will need to be factored into our future evaluation as well (e.g., Is OTEC fully developed and cost effective? Has algae oil succeeded in driving the cost of biofuels down significantly?) However, in focusing on the alternatives that are largely within the control of the State, the major decision points that will underpin potential future outcomes are: This section should be revisited in five-year increments to be sure that nominal notions of "success" stay in tune with market realities. In year 10, a list of critical items should be generated for the potential end-scenarios identified above, based on progress at that time.
Should the preponderance of these updated goals not be met by the end of year 15, key gaps should be identified and strategies for replacing non-viable items generated. Adjusting the final goals should be considered only as a matter of last resort, if it becomes apparent that the progress of HCEI is far away from the milestones set in year 10.
www.hawaiicleanenergyinitiative.org 25 VI. Fifteen Year Goals (2021 Goals ( -2025 While the overarching goals of HCEI are relatively straightforward, success will be determined in 2030 by attaining milestones laid out in each of the working group areas. If all of these targets have been met by the review period of 2030, then a future plan for HCEI should be developed in which the State defines its role in the development of clean energy resources moving forward. If these targets have not been met to the satisfaction of the HCEI Steering Committee, an additional gap analysis should be conducted in which remaining critical items are identified for continued action by HCEI and its stakeholders.
Should HCEI deem its mission complete, a debriefing of HCEI's role in the transformation of the energy sector should be given to all key parties involved in HCEI's success. This debriefing will highlight funding spent and the net return in terms of energy savings, carbon savings, and economic savings to the State of Hawaii as a result. Target audiences for this debriefing include, but are not limited to:
1. The Governor's Office 2. DOE 3. The Hawaii State Legislature 4. HCEI Working Group stakeholders 5. The general public
Given the cutting edge nature of these goals, and their relevance to many other energy users globally, attention should also be paid to the development of case studies and best practices to assist others in the replication of Hawaii's success.
Finally, a decision about whether Hawaii should seek to exceed its current target of 70% clean energy will be necessary moving forward from this point. Alternatives and options for continued leadership in all sectors of the energy market should be weighed and evaluated. Whether this is through the continued operation of HCEI or an alternative State strategy will be the primary area for consideration at this time. Either way, successful attainment of HCEI goals should be viewed as a major milestone in the push for a sustainable energy sector, but not the end point itself. 
VII. 2030 Outcome and Conclusions
